A kinetic analysis of hepatocyte responses to a glucagon pulse: mechanism and metabolic consequences of differences in response decay times.
Pulsatile administration of glucagon to perifused rat hepatocytes stimulates hepatocyte glucose production (HGP) more effectively than continuous administration. Having established that this effect was due to delayed relaxation of glucagon-stimulated HGP (t1/2 for decay = 3.54 +/- 0.60 min) we wished to examine the mechanism of response termination. Delayed dissociation of glucagon from its receptor was excluded by the brisk washout of [125I]glucagon from perifusion columns (t1/2 = 1.00 +/- 0.13) and the rapid decay in glucagon-stimulated cAMP released into the perifusion medium (t1/2 = 1.14 +/- 0.12). The relaxation of the HGP response to a pulse of administered cAMP was comparable to the decay in glucagon-stimulated HGP (t1/2 = 3.28 +/- 0.22). Furthermore, the phosphodiesterase inhibitor isobutyl-methylxanthine did not alter the decay of the HGP response to glucagon despite increasing the amplitude of the response (t1/2 = 3.04 +/- 0.36). These data place the rate-limiting step for HGP relaxation distal to cAMP generation and degradation. The decay of the beta-hydroxybutyrate response to a glucagon pulse was not different from the cAMP response (t1/2 = 1.14 +/- 0.23), whereas the decay of gluconeogenesis from lactate was not significantly different from HGP relaxation (t1/2 = 1.94 +/- 0.08). We conclude that rate-limiting events for HGP relaxation occur distal to the second messenger cascade; however, ketogenesis is more closely coupled to the kinetics of cAMP. These results may help to explain the absence of excessive ketosis during fasting in normal humans, who secrete glucagon episodically at 10- to 14-min intervals.